Abstract Sublexical phonotactic regularities in language have a major impact on language development, as well as on speech processing and production throughout the entire lifespan. To understand the impact of phonotactic regularities on speech and language functions at the behavioral and neural levels, it is essential to have access to oral language corpora to study these complex phenomena in different languages. Yet, probably because of their complexity, oral language corpora remain less common than written language corpora. This article presents the first corpus and database of spoken Quebec French syllables and phones: SyllabO+. This corpus contains phonetic transcriptions of over 300,000 syllables (over 690,000 phones) extracted from recordings of 184 healthy adult native Quebec French speakers, ranging in age from 20 to 97 years. To ensure the representativeness of the corpus, these recordings were made in both formal and familiar communication contexts. Phonotactic distributional statistics (e.g., syllable and co-occurrence frequencies, percentages, percentile ranks, transition probabilities, and pointwise mutual information) were computed from the corpus. An open-access online application to search the database was developed, and is available at www.speechneurolab.ca/syllabo. In this article, we present a brief overview of the corpus, as well as the syllable and phone databases, and we discuss their practical applications in various fields of research, including cognitive neuroscience, psycholinguistics, neurolinguistics, experimental psychology, phonetics, and phonology. Nonacademic practical applications are also discussed, including uses in speech-language pathology.
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In this article, we introduce a new and unique corpus of spoken Quebec French and the two sublexical databases that were derived from it to enable the study of the distributional properties of Quebec French sublexical units. Sublexical units of language, such as syllables, consonant clusters, phonemes, or phones, have distributional properties, such as co-occurrence frequency and transition probabilities, that influence language development, as well as language processing and production throughout the entire lifespan. The syllable, often considered the basic unit of speech perception and production (Levelt, 1999) , plays a fundamental role in child language development. Indeed, researchers have shown that complex syllable structures (i.e., those including a consonant cluster) are acquired later than simple syllables (with a consonant vowel [CV] syllabic structure; Levelt, Schiller, & Levelt, 2000; Lleó & Prinz, 1996; McLeod, van Doorn, & Reed, 2001) . Complex syllables are also associated with more articulation errors in patients with speech apraxia, a speech motor programming disorder, who tend to delete consonants to simplify syllabic structure (e.g., Aichert & Ziegler, 2004; Romani, Galluzzi, Bureca, & Olson, 2011) .
Electronic supplementary material The online version of this article (doi:10.3758/s13428-016-0829-7) contains supplementary material, which is available to authorized users.
In addition to syllable structure, syllable distribution also affects language processing and production. Specifically, it has been suggested that children use information about the distribution of syllables in a language (including transition probabilities) to learn words. This is useful given that oral languages do not contain pauses marking word boundaries (unlike written languages that use blank spaces). However, syllables that frequently co-occur have high transition probabilities and they tend to form words. This information can be used to segment words from the speech signal. Experimental evidence shows that children are sensitive to syllable distributional statistics (Goyet, Nishibayashi, & Nazzi, 2013; Teinonen, Fellman, Näätänen, Alku, & Huotilainen, 2009) . Specifically, they can use transition probabilities to learn to extract words from the continuous speech flow in a new language (Pelucchi, Hay, & Saffran, 2009a , 2009b or in an artificial language composed of nonwords (Saffran, Aslin, & Newport, 1996) . Importantly, adults are also sensitive to the statistical distribution of linguistic units, including in series of syllable sequences (Newport & Aslin, 2004; Peña, Bonatti, Nespor, & Mehler, 2002) , and in words and nonwords in which phonemes vary according to their phonotactic probabilities (Vitevitch, 2003; Vitevitch & Luce, 1998; Vitevitch, Luce, Charles-Luce, & Kemmerer, 1997; Vitevitch, Luce, Pisoni, & Auer, 1999) . In addition to being sensitive to transition probabilities, a facilitating effect of syllable frequency on speech production has also been observed in healthy adults: frequent syllables are produced more rapidly and more accurately (e.g., Cholin, Levelt, & Schiller, 2006; Levelt, 1999) . Similarly, it has also been shown that patients with apraxia of speech make more errors in words containing a less-frequent first syllable (e.g., Aichert & Ziegler, 2004; Staiger & Ziegler, 2008) . In addition to the behavioral evidence, a growing body of neuroimaging studies has shown sensitivity to speech statistical information in a number of brain regions, including the inferior frontal gyrus, supratemporal cortex, and ventral premotor cortex, during the experimental manipulation of transition probabilities Karuza, Newport, Aslin, Starling, Tivarus, & Bavelier, 2013; Leonard, Bouchard, Tang, & Chang, 2015; Tremblay, Baroni, & Hasson, 2012; Tremblay, Deschamps, Baroni, & Hasson, 2016) , phonotactic frequencies of phonemes (i.e., co-occurrence frequency; Vaden, Piquado, & Hickok, 2011) , or mutual information .
In brief, even though questions remain regarding the role of sublexical distributional statistics in language processing and production, it is clear that they influence both behavior and brain activity throughout life, and because of this, it is critical that researchers have access to tools that will allow them to study these effects in as many languages as possible. This is important because the concept of distributional properties is universal. That is, all languages are composed of sublexical units that vary in their frequencies of use, and that are assembled to form words and sentences following Brules^or regularities that determine the permissible combinations of phonemes, phones, and syllables. However, because each language is composed of a different set of sublexical units that are organized according to a number of language-specific phonotactic and syntactic rules, the actual distributional properties associated with any given sublexical unit are language-specific, even though the same syllables may actually occur in several languages. For example, the syllable [das] is present in both German and Italian, but its distributional statistics are different, notably in terms of frequency (in percentages): whereas the German syllable frequency 1 is 1.6247 %, the Italian syllable frequency 2 is much lower, only 0.0023 %.
Moreover, even within a language, geographical variations can often differ significantly, in terms of both phonetic inventory and vocabulary use, thereby affecting sublexical distributional statistics. This is the case for French, the language of interest in this article. French from Quebec and France (and other geographical varieties) differ in terms of word use and phonological inventory (e.g., Ciolac, 2010; Gess, Lyche, & Meisenburg, 2012; Klein & Rossari, 2003 Akamatsu, 1967; Canepari, 2005; Martin, BeaudoinBegin, Goulet, & Roy, 2001; Vajta, 2012) . Thus, the distributional statistics of both phonemes ([oẽ] and [ɛ] ), as well as as the syllables that include these phonemes, are likely to differ widely across the two varieties of French. Another example is the word char (Bcar^). This word is used by speakers of French in both Quebec and France (and most likely other varieties of French, too). However, in France, the use of char is limited to the rather infrequent expression char d'assaut (Btank^), whereas in Quebec it is commonly used, in informal oral contexts, to refer to nonmilitary vehicles (cars), a far more familiar notion (Mercier, 2002) . Hence, the frequency of the syllable [ʃɑr] (char) probably differs widely across the two regions. Thus, geographic-diatopic- (Moreau, 1997) varieties of French, such as Quebec French, France French, Belgium French, and New-Brunswick French, can be distinguished in terms of sounds, syllables, or word inventories, as well as in terms of the distribution of each unit. Hence, even if a large number of units are shared across geographical varieties of a language, the distributional statistics are unique to each variety, and research tools aiming to provide information about frequency of use and other distributional information should take into account the variety of interest (Podesva & Sharma, 2014) .
Another important factor when studying sublexical distributional statistics is within-language modality effects. Indeed, spoken and written language modalities have specific characteristics that have strong impacts on distributional statistics. Certain words are favored in the written language, whereas other words are favored in the oral form. Therefore, the oral lexicon is not identical to the written lexicon. Going back to our previous example, char also reveals an important modality difference. Within the same language variety (Quebec French), the statistics of the word char are probably vastly different in the written and spoken modalities, because char is mainly used in the spoken (and familiar) modality, and only rarely occurs in writing (at least nonmilitary ones). Moreover, whereas written languages often have units that are separated by a blank space, spoken language is a continuous flow of sounds, without silences between words or syllables (Kuhl, 2004) . This results in the presence of phenomena such as liaisons between the pronounced words, epenthesis (adding phones), and elision (removing phones) during oral discourse, which accounts for a large amount of the variability between different speakers' productions and results in syllables with different structures. For example, the schwa [ә] in the French word petit (Bsmall^) is typically removed in familiar contexts, resulting in distinct syllables for informal oral (CCV: [pti] Bp'tit^), as compared to formal oral or written French (CVCV: [pә-ti] Bpetit^). Since sublexical units and their distributional properties are specific-at least in part-to each language and each modality, it is necessary to have access to language-specific and modality-specific corpora in order to be able to fully characterize distributional statistics and to study their impacts on spoken language use.
The objective of this project was twofold: (1) to collect a large corpus of oral language (SyllabO+) from French speakers in Quebec, 3 and (2) from this corpus, to create two sublexical databases documenting the use of syllables and phones as a function of speakers' ages, sexes, and communication contexts (formal vs. informal spoken language).
To the best of our knowledge (see Supplemental Material 1), no database of spoken Quebec French syllables and phones currently exists. A few databases or corpora exist for the French language, notably Lexique 3 (New, Pallier, Brysbaert, & Ferrand, 2004; New, Pallier, Ferrand, & Matos, 2001 ), Diphones-fr (New & Spinelli, 2013) , InfoSyll (Chetail & Mathey, 2010) , Texto4Science (Langlais & Drouin, 2012) , QUÉBÉTEXT (Trésor de la langue française au Québec, n.d.), and Phonologie du français contemporain (PFC; Durand, Laks, & Lyche, 2001 ). The first database, Lexique 3, was created from a corpus of French texts and film subtitles (France)-which represent a hybrid type of corpus that is largely influenced by the written modality. The two subsequent databases were created from this same corpus: Diphones-fr from Lexique 3, and InfoSyll from Lexique 2 (texts only). These three tools, respectively, offer information on lexical units, pairs of phonemes, and syllables (orthographic and phonological). The fourth database, Texto4Science, is a corpus of text messages (SMS) of French speakers in Quebec, from which all word forms were extracted, as well as their distributional statistics. Although it portrays Quebec French use, Texto4Science is dedicated to the study of written lexical units occurring in the specific context of text messages. QUÉBÉTEXT is composed of four different written Quebec French corpora, providing no information on spoken Quebec French. The last database, PFC, provides recordings and annotated transcriptions of a large number of speakers (>400) from different French-speaking countries. However, PFC does not offer distributional statistics on sublexical units contained in the recordings, and only contains a limited number of speakers from Québec (<20). In sum, all of these databases differ from the present one (SyllabO+) in a number of ways:
(1) geographical variety-that is, they do not focus on Quebec French (Lexique3, Diphones-fr, Infosyll, and, for the most part, PFC); (2) modality-that is, they do not focus on spontaneous oral language (Lexique 3, Diphones-fr, InfoSyll, Texto4Science, and QUÉBÉTEXT); and (3) types of data provided-that is, they do not provide sublexical statistics (Lexique 3, Texto4Science, QUÉBÉTEXT, and PFC). None of these databases provides statistics of sublexical use as a function of the characteristics of the speaker and the communication context. Thus, to facilitate and improve research on spoken language across a variety of disciplines (e.g., psycholinguistics, experimental phonetics, cognitive neuroscience of language, and phonology), we created a unique corpus of contemporary spoken Quebec French, extracted over 300,000 syllables (and over 690,000 phones) from it, and computed a large number of distributional statistics. The resulting tool, composed of a syllable database and a phone database, is called SyllabO+. In this article, we present an elaboration of the corpus and databases and describe the Web application that provides access to these databases in open-access format. We also present a brief overview of the corpus data extracted from SyllabO+.
Method Corpus elaboration
Speech samples were collected from 184 different speakers (representing over 300,000 syllables). To ensure that the corpus would accurately represent the use of spoken Quebec French (in both standard and colloquial varieties), samples were collected in both formal and informal communication contexts. The formal contexts consisted mainly of interviews, lectures, press conferences, and radio or television programs. In these situations, speakers are more aware of the importance to use Bproper^speech than in informal contexts, but we made sure to choose samples that still represented spontaneous speech, and not written discourse that was read aloud. These formal samples represent 63 % of the recordings in the corpus, and 53 % of the total syllables. The samples were obtained mainly through online public resources (92 %)-the recordings were all dated between 2000 and 2014. The online public resources 4 that served to provide recordings for the project consisted mainly of radio and television networks. Though they were not recorded in soundproof rooms, these samples offered a recording quality that ensured high intelligibility (e.g., low background noise), which is necessary for accurate transcription. A small portion of the formal samples were recorded by our team at a lecture or a conference (8 %).
The informal samples represent 37 % of the recordings in the corpus and 47 % of the total syllables. Most of the informal recordings were made in our laboratory or at a participant's home (96 %), between the years 2013 and 2014. A few (4 %) were found through online public resources. The samples collected by our team were recorded in a soundproof room using a small Lavalier microphone clipped to the participant's clothing. Participants were asked to select a few topics that they were comfortable discussing with a team member present in the room, and who used these topics as a conversation opener. The conversation was allowed to evolve freely.
Whether in formal or informal contexts, if only one person's speech was of interest (e.g., if the second person was a team member), only the person of interest's speech was transcribed (including during segments in which the speech overlapped). If more than one person's speech was of interest, everything was transcribed (including the speech segments that overlapped), with a separate transcription file for each participant. In both the formal and informal contexts, we ensured that the topics covered in the speech samples were varied, to ensure representativeness. The topics covered in the corpus include work, education, family, languages, trips, sports, health, cooking, entertainment, environment, society, technology, international, politics, economy, sciences, art, and history.
The participants were all native speakers of Quebec French 5 (mean age 52 ± 19.7 years, range 20-97 years), with a mean of 16 ± 3.9 years of education (range 7-27 years), including 95 male and 89 female speakers. The participants were divided into three age groups: 20-45 years (mean 32 ± 6.8 years), 46-70 years (mean 55 ± 7.6 years), and 71-97 years (mean 78 ± 6.4 years). The sample is described in Table 1 . Participants were recruited through a variety of means: written ads posted in as many strategic locations as possible (e.g., supermarkets, coffee shops, drugstores, local hospitals, and websites), e-mails to large groups (e.g., university students and staff, Bgolden age^groups), presentations in retirement centers, and contacting individuals in our participant database.
Transcription
The recordings were first transcribed orthographically. The orthographic transcriptions served as a tool to facilitate the phonetic transcriptions. The phonetic transcriptions were conducted by three different students (P.B., A.-M.A., and J.R.) trained in linguistics and phonetics (see the Syllabification section for details about the interjudge agreement). A transcription protocol was elaborated to ensure maximal uniformity and a high level of accuracy. Each sound pronounced was transcribed to the corresponding International Phonetic Alphabet (IPA) symbol. Prosodic characteristics-silences, laughs, onomatopoeia, or other prosodic markers-as well as background noise (nonspeech elements) were not transcribed. It is important to note that the transcription was precise but did not take into account speaker or regional variations in pronunciation, since the goal of the project was not to differentiate between fine regional or interpersonal variations within spoken Quebec French, but to create a tool that would provide information on the use and distribution of syllables and phones in spoken Quebec French in general. Indeed, to obtain syllable frequency scores and other statistics that would be generalizable to Quebec French as a whole, it would not be useful to differentiate syllables on the basis of nondistinctive variations. For example, if the phoneme/e/ was pronounced as a diphthong [e i ], it was still transcribed [e], since the diphthong is only representative of a few regional accents and is not a distinct phoneme in French. The detailed transcription protocol is provided on the website (www.speechneurolab. ca/syllabo), under BDocumentation.4
The main ressources were the following: Radio-Canada, TVA, RDS, TOU.TV, Canal Vie, Assemblée nationale du Québec, and the Montreal and Quebec city official video channels. 5 They were born in Quebec and reported Quebec French as their native language (i.e., the language was learned at home via parents speaking Quebec French). n = 12 n = 12 n = 11 n = 10 n = 11 n = 12 n = 68 Informal 25,527 25,682 25,100 25,941 25,659 14,131 142,040 n = 25 n = 22 n = 22 n = 21 n = 14 n = 12 n = 116 Total 52,653 54,426 52,424 53,322 50,702 40,109 303,636 n = 37 n = 34 n = 33 n = 31 n = 25 n = 24 n = 184
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Syllabification
Each phonetic transcription was syllabified; that is, the continuous speech transcriptions were divided into individual syllables. This step was crucial, as it is at this point that the units of interest (the syllables) were obtained. The same three transcribers executed this step. First, a detailed syllabification protocol was established (to consult the detailed protocol, visit www.speechneurolab.ca/syllabo, under BDocumentation^).
The inherent structure of French syllables was used as a guideline for syllabification, whereby consonants at onset were favored rather than consonants at coda (e.g., Brousseau & Nikiema, 2001; Noske, 1982; Paradis, 1993 Consistency between transcribers was assessed by calculating an interjudge agreement between all transcribers on a subset of the recordings at the beginning of the project, during the ongoing project, and at the end. To establish the agreement, the three transcribers produced a transcription of 20,775 syllables from the same 120 min of speech recordings (representing 18 different speakers: ten in formal context, eight in informal context). These 20,775 syllables represent 7 % of the entire corpus (303,636 syllables), and about 10 % of all speakers. The interjudge agreement was established between the transcriptions of the three transcribers at once (one recording), or between two of the three transcribers at once for the same recording (17 recordings). Specifically, the transcriptions of Transcriber 1 were compared to those of Transcriber 2, and so on for Transcribers 2 and 3 and Transcribers 3 and 1, so that the transcriptions from all three transcribers were ultimately compared to each other. The interjudge agreement was calculated from these common transcriptions, in which each dissimilar IPA symbol or dissimilar syllable counted as an error. The percentage of errors was calculated on the total number of symbols contained in the transcription. Interjudge agreements of 90 % or more were obtained for the informal speech contexts, and 94 % or more were obtained for the formal speech contexts. The average interjudge agreement was 94.90 ± 2.17 %. Moreover, the interjudge agreement remained constant throughout the project. At the beginning of the project, 14 recordings (13,131 syllables) were evaluated, with an average agreement of 95.68 %. One recording was compared during the ongoing project (1,382 syllables), with an average agreement between all three transcribers of 92.53 %. Finally, three recordings (6,262 syllables) were compared at the end, with an average agreement of 94.15 %. The dissimilarities between the transcribers were resolved by agreeing on a specific phone or syllable and by clarifying the transcription protocol.
Creation of syllable and phone databases (SyllabO+)
The syllabified transcriptions were saved as annotated and marked-up XML files. All metadata (anonymized information about the speaker or the recording) were saved in another XML file and were linked to each individual transcription by a reference number. Extracting statistical information from these XML files was done by means of a Python script, which enabled automatic calculations of a number of distributional statistics. The extracted statistical information was then organized in tables, which constitute the databases.
The syllable and phone databases were integrated into an open-access Web application, developed by a team of expert programmers. The purpose of the Web application was to provide access to both the databases and the corpus to researchers and students from a variety of disciplines, as well as to knowledge users, such as speech-language pathologists and language teachers, thereby maximizing the use and impact of SyllabO+.
Description of the syllable database
The syllable database consists of four different data tables: unique syllables with related data and statistics, and syllable collocations, which include pairs of syllables with related data and statistics, groups of three syllables with related data and statistics, and groups of four syllables with related data and statistics. A description of the database tables, with definitions and detailed description of calculations is available on our www.speechneurolab.ca/syllabo, under BDocumentation.T he complete database, or a specific subset of the database resulting from specific query options, can be downloaded from the Web. The entire corpus is available upon e-mail requests to the corresponding author. The following parameters can be used individually or in combination: context of communication (formal, informal), age (range), and sex of the speakers. The files can be downloaded in CSV (commaseparated value) format, which is a way of storing tabular data in plain text-in this case, UTF-8 text. These files can be opened and used with spreadsheet software or database software (e.g., LibreOffice, MySQL). The recommended method to open the CSV files is with LibreOffice, a free and opensource software application (www.libreoffice.org). The main reason for this recommendation is that Microsoft Excel does not handle the IPA characters correctly, whereas LibreOffice does (OpenOffice and Google Sheets online do, as well). In LibreOffice, select BUnicode (UTF-8)^as the character set when opening the CSV file. For users who prefer to use other software or who have issues with special-character display, we provide two options: Excel files in which the IPA characters have already been encoded, and are therefore readable, or CSV files in which all IPA characters have been converted to the Speech Assessment Methods Phonetic Alphabet (SAMPA; consisting only of ASCII characters), which will avoid any issue with character display in Excel or any other software. For an extensive description of how to use SyllabO+, refer to the user manual, available on our website at www.speechneurolab.ca/syllabo, under BDocumentation.D escription of the phone database
The phone database was elaborated from the same corpus from which the individual sounds were extracted. The database consists of four different data tables: unique phones with related data and statistics, and phone collocations, which included diphones with related data and statistics, triphones with related data and statistics, and tetraphones with related data and statistics. The data provided in the tables include phone structure, frequency (raw and percentage), percentile rank, transition probabilities, and mutual information. The information provided for phone collocations differs from the syllabic information, since the phone collocations were extracted irrespective of word or syllable boundaries (i.e., through an entire speech recording). Syllables, in contrast, are either words or part words. The phone database is available in the same Web application as the syllable database.
General description: syllable database
The corpus contains a total of 303,636 syllables, including 48 different phones, composed of 22
, and three semivowels ([w] [j] [ɥ]), which combine to form 5,213 different syllables. To document the distributions of syllables and phones, here we present two different kinds of frequencies: (1) the token frequency (i.e., the total numbers of occurrences of all units [syllables or phones]), and (2) the type frequency (i.e., the numbers of different units, not taking into account how many times each unit occurs).
Of all the 5,213 different syllables, a small subset are used extremely frequently. Indeed, the 5 % most frequently used syllables represent 78 % of the corpus (total syllables pronounced). The same is true for pairs of syllables, for which the 5 % most frequently used pairs represent 48 % of the corpus (total pairs pronounced). Tables of the most frequent syllables and the most frequent pairs can be found directly on SyllabO+. Figure 1 illustrates the distribution of the syllables in absolute (rank) frequencies and on a logarithmic scale (with base 2). The raw frequencies range from 1 to 8,994. A large number of syllables (1,024 out of a total 5,213 different syllables, representing 19.64 %) have a frequency of 1. The mean of the distribution is 58.246, and the median is 3. As can be seen from the figure, the distribution is asymmetrical, with a pronounced right skew. To characterize these distributions, seven different mathematical models were fitted to both the raw and the log-transformed data (linear, inverse, quadratic, cubic, power, exponential, and growth) using SPSS Statistics version 23 (IBM). For the raw frequency, the best fit was found using a power model (r 2 = .967, β = -98, p ≤ .001, where y = 2,769,892.4 × x -1.74 ), whereas for the logtransformed data, the best fit was found using a quadratic model (r 2 = .993, β = -1.13, p ≤ .001, where y = 12.37 + 0.25x + -0.1x 2 ). These results are provided in Fig. 1 . The number of different syllable structures and each structure's prevalence were also investigated. Within the 5 % most frequent syllables (representing 260 different syllables), only 12 syllable structures were found. Figure 2 describes the 5 % most frequent syllables in terms of their structures, taking into account the number of occurrences of every syllable-that is, how many times each syllable is repeated (token frequency) and the number of different syllables within each syllabic structure (type frequency) (e.g., the corpus contains 138 different CV syllables, which account for 53 % of all utterances). Supplemental Material 2 presents all of the syllabic structures across the entire corpus in the same way. Interestingly, for the 5 % most frequent syllables (Fig. 2) , the most frequent syllabic structures (CV) also accounts for the largest proportion of the different syllabic structures within this subset (out of a total 260 different structures). In contrast, in the entire corpus (Supplemental Material 2), only 5 % of all different syllables (out of a total 5,213 different structures) have a CV structure, but 52 % of all pronounced syllables have a CV structure. This means that there are a limited number of different CV syllables, but these CV syllables are used extremely frequently and account for more than half of the corpus (i.e., the total number of syllables pronounced). 7 These phones are used only for English pronunciations. Note that the proportion of English-pronounced syllables (containing one or more typically English sounds) in the corpus is 458 out of 303,636 syllables (0.1508 %). It is possible to filter out these syllables (or phones) in the database tables by excluding any that contain the English-specific consonants and vowels used in the transcriptions, which are [ɹ ð h] and [ʌ ɒ ɜ ae ɪ ʏ ʊ]. 8 [x] is used only for Spanish pronunciations. Note that the proportion of Spanish-pronounced syllables (containing the typically Spanish sound [x] ) in the corpus is 5 out of 303,636 syllables (0.0016 %). It is possible to filter out these syllables (or phones) in the database tables by excluding any that contain the Spanish-specific consonant [x] . Power function r 2 = .967, β = -98, p ≤ .001
Quadratic function r 2 = .993, β = -1.13, p ≤ .001 Fig. 1 Distribution of syllable frequencies. (a) Rank frequencies, which associate any given frequency to the syllable in the corresponding rank position and enable the representation of the frequency distribution (i.e., the syllable frequencies in descending order), and (b) log-log plot of syllable frequencies (log base 2). For each graph, the mathematical model that best fitted the distribution is illustrated, and the fit is characterized in terms of r 2 , slope (standardized beta coefficient), and statistical significance (p). The specific equations can be found in the text Behav Res
In the corpus, the syllabic structure that accounts for the largest number of different syllables is CVC (27 %; Supplemental Material 2). The CVC structure is thus very Bprolific^for generating different syllables, in the sense that it allows for many different combinations (hypothetically, 22 consonants × 23 vowels × 22 consonants), while remaining a relatively simple structure (it does not contain any consonant clusters and contains only three phones). The CV structure is less prolific than the CVC structure in generating different syllables (its combinations are limited to, hypothetically, 22 consonant × 23 vowels, which may account for this difference). However, CV syllables have, on average, higher frequencies than the CVC syllables.
Importantly, the entire corpus contains a much larger number of structures than the ones present within the 5 % most frequent syllables: 52 different structures (Supplemental Material 2), as compared to only 12 (Fig. 2) . This shows that there is a large number of possibilities when it comes to syllabic structures in French, but that many of these structures are seldom used, probably because of their complexity (e.g., the presence of one or more consonant clusters, such as in CCVCC 9 ; Supplemental Material 2). Finally, we also explored the distribution of syllables in the corpus as a function of their syllabic structures, in terms of the presence of at least one consonant cluster. Figure 3 presents a summary of the distribution of syllables containing a consonant cluster, as a function of the position of the cluster within the syllable (onset, coda, or both). The detailed information about the distribution of complex syllables can be found in Supplemental Material 3. This analysis shows that complex syllable structures represent~50 % of the structures present in the corpus, but account for only~11 % of all syllables (token frequency). The syllables with a consonant cluster at onset are far more frequent in the corpus than the two other types, in terms of both total frequency (respectively, 9.7 % of all syllables, vs. 1.2 % and 0.1 %) and the number of different syllables (respectively, 41.4 % of all different syllables, vs. 8.2 % and 2.0 %). The most frequent structure with a consonant cluster at the onset is CCV (70.4 %); the most frequent structure with a consonant cluster at the coda is CVCC (89.5 %); and the most frequent structure with a consonant cluster at both onset and coda is CCVCC (94.8 %).
General description: phone database
The corpus contains a total of 692,707 phones, including 48 different phones (see the general description of the corpus). The number of different consonants is nearly identical to the number of different vowels: respectively, 22 and 23. Moreover, the total frequencies are also similar, with 363,062 consonants (52.41 % of the corpus), 303,635 vowels (43.83 %), and 25,934 semivowels (3.74 %) . Figure 4 illustrates the distribution of phone frequencies and presents each phone with its structure (C, V, or S).
Limitations
The main limitation of SyllabO+ is its size (303,636 syllables/ 692,707 phones, but 184 different speakers), which may appear small, especially when compared to certain lexical databases (extracted from written corpora) that comprise millions of occurrences. However, given the substantial amount of time and work required for the conversion of speech samples to transcribed syllables in phonetic alphabet and the calculation of their distributional statistics, and given the fact that resources are not unlimited, SyllabO+'s size is not only impressive, but also a fair representation of the spoken language in native adult speakers in Quebec (all age groups). SyllabO+ is, by nature, a specialized resource, representing Quebec French in a specific modality (spoken) while focusing on sublexical units. Given the large amount of information provided in SyllabO+ (syllable and phone structures, frequencies, transition probabilities, and mutual information) and because of the uniqueness and versatility of this tool, we believe it will serve a number of research and clinical purposes (see the Conclusion for a discussion of some potential uses of SyllabO+).
Conclusion
SyllabO+, a multispeaker corpus of spoken Quebec French, addresses the need for a tool focusing on spoken French in Quebec. It will allow researchers to study the spontaneous use of French in Quebec in younger and older male and female adult speakers in both formal and informal communication contexts. The next phase of the project will focus on developing an additional word corpus. This will be done by creating a lexical table containing all word occurrences from the corpus and their associated distributional values. This enrichment will turn SyllabO+ into one of the most comprehensive linguistic resources on oral language.
SyllabO+ is an unparalleled resource: not only is it the first sublexical database on spoken Quebec French, but is also one of the richest linguistic databases in terms of the 9 Syllable structures in French can be described as increasing in complexity when increasing in (1) the number of consonant clusters and (2) the number of consonants per consonant cluster. This is consistent with Noske (1982) , where the increase in markedness of a syllable structure is linked to consonant clusters (p. 270):
Behav Res amount of statistical information it provides (e.g., transition probabilities and mutual information), all of which are available as a function of speakers' age, sex, and communication context. Indeed, unlike most available linguistic databases, SyllabO+ allows the extraction of multiple specific subdatabases by using specific search parameters (sex, age, and context). Users can thus conduct a large number of analyses according to their interests, whether these be context-related comparisons (e.g., comparing the use of char in formal and informal spoken French) or comparative studies by age group. SyllabO+'s applications are manifold. Researchers in the fields of cognitive neuroscience of language, psycholinguistics, neurolinguistics, and experimental psychology can use it to create stimuli representative of the spoken language-both sublexical (e.g., syllable) and lexical (word) stimuli-controlled for normalized frequency, transition probabilities, or mutual information. Given the known effects of distributional statistics on speech perception and production, behaviorally and at the neural level (Carreiras, Mechelli, & Price, 2006; Carreiras & Perea, 2004; Cibelli, Leonard, Johnson, & Chang, 2015; Deschamps et al., 2016; Karuza et al., 2013; Leonard et al., 2015; Newport & Aslin, 2004; Pelucchi et al., 2009a Pelucchi et al., , 2009b Peña et al., 2002; Saffran et al., 1996; Saffran, Johnson, Aslin, & Newport, 1999; Tremblay et al., 2012; Tremblay et al., 2016; Vitevitch, 2003; Vitevitch & Luce, 1998; Vitevitch et al., 1997 Vitevitch et al., , 1999 it is important to control for these effects in order to avoid confounds that can mask other effects of interest, such as articulatory or phonological complexity. However, such important experimental control is only possible when databases providing this information exist, which was not the case for Quebec spoken French.
In addition to its use as a key experimental control, the distributional statistics provided in SyllabO+ can be used to study, using behavioral and brain-imaging approaches, the impact of distributional frequencies on a variety of language production and comprehension tasks, by manipulating, rather than controlling, sublexical properties such as syllable complexity and frequency. This opens a wealth of research avenues for researchers interested in understanding how the human brain processes distributional information and how this information contributes to language comprehension. Furthermore, SyllabO+ will also have multiple uses in linguistics. Indeed, linguists will be able to use it to explore sublexical phenomena, notably in terms of differences and similarities with documented lexical phenomena (both spoken and written). For example, it is interesting to note that the distribution pattern of the syllables found in our corpus, whereby a small subset of units are produced extremely frequently, is analogous to lexical distributions (e.g., the Bkernel lexicon^) that have been reported (Cancho & Solé, 2001 ). This suggests that a small number of very frequent syllables are used to create a small number of extremely common words. Additional analyses will be needed to examine in more detail the relationship between syllable and word usage in spoken language. At present, direct comparisons, and thus strong conclusions, are not warranted, given that we have not yet extracted a list of all words from our corpus.
Moreover, experts in phonetics and phonology will be able to use SyllabO+ to study spontaneous Quebec oral French and its sublexical phenomena (e.g., liaisons, or prolificacy of the different syllabic structures), including age-related, gender-related, and context-related phenomena, as well as to observe phonotactic regularities appearing in the corpus. SyllabO+ also has applications in the field of comparative linguistics, since it will allow researchers to compare spoken language use in Quebec to language use in other French-speaking countries for which distributional statistics are available, or even across different languages-for instance, to compare the use of different syllabic structures across languages. We hope that SyllabO+ will be the basis for a number of new studies, whether descriptive (detailing the particularities of Quebec French) or comparative (exploring linguistic similarities and differences across languages, modalities, etc.), originating from as many groups of researchers as possible.
We also expect SyllabO+ to be useful to knowledge users beyond academia, such as speech-language pathologists and language teachers, who can use SyllabO+ to elaborate targeted and ecological intervention plans based on the actual use of syllables of different phonological complexities at different ages. In particular, the frequency of use of the different syllabic structures (e.g., CV, CCV, CCVC) and their prolificacy will be useful to clinicians. For instance, a clinician may want to know the syllable structures that are most common in spoken language, since these are the most important to recover as part of an intervention. Moreover, understanding whether spoken language uses Behav Res change over time, and whether there are gender-related differences in spoken language use, will provide a framework against which one can compare the oral productions of individuals with speech perception and production deficits.
Finally, SyllabO+ may serve computer science purposes by enabling the creation of new tools for natural language processing. Orthographic data could eventually be aligned to the phonetic data to develop algorithms that automatically translate written language to an oral representation. Numerous technologies use algorithms that create automata 10 (e.g., finite-state automata) from phonological rules (Jurafsky & Martin, 2000) . One of the main uses is vocal synthesis (text to speech), which converts a text into a phonetic representation that is then Bpronounced^(actualized in acoustical waves) by a speech synthesizer. This type of processing can be achieved through a machine-learning system, in which a model is generated automatically from a set of data (e.g., by Blearning^phonological rules). SyllabO+'s data could therefore serve as a starting point for such computational processing, focusing on representing the Quebec French language. Moreover, the data from SyllabO+ can be useful to computational linguists and data scientists interested in the global structure of language, since they represent a unique and novel source of spoken data (especially in a field in which the majority of the data analyzed is written).
In sum, we hope that SyllabO+ will be widely used to study sublexical phenomena in different fields of research, ranging from cognitive neuroscience to computational linguistics and speech-language pathology.
